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ABSTRACT 

We examine a SU(3) C <8> SU(3)l<SiU(1) gauge model which has a parity symmet- 
ric Lagrangian. The parity symmetry has the novel feature that it interchanges 
the gluons with the SU(3)l gauge bosons (which contain the ordinary SU(2)l 
weak gauge bosons). We show that the model reduces to the standard model 
at low energies and also predicts new physics in the form of exotic fermions. 
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The standard model has been rather successful in recent times. With the 
present lack of experimental guidence it is difficult to know what lies beyond the 
standard model. One possibility is that nature respects some type of symmetry 
not present in the standard model. In particular, discrete space-time symme- 
tries (parity, time reversal and charge conjugation) may be symmetries of the 
Lagrangian describing nature, but which arc not manifested in the standard 
model Lagrangian because it may be incomplete. In this sense, discrete space- 
time symmetries may have a fundamental role to play in nature even though they 
are not symmetries of the Standard model Lagrangian. It is an interesting pos- 
sibility that nature is described by a Lagrangian which is invariant under one or 
all of the discrete space-time symmetries. One well known example is the usual 
left-right symmetric model with gauge group SU(3) C ® SU(2)l® SU(2)r® U(l) 
and is invariant under a parity symmetry [1]. This parity symmetry interchanges 
the SU(2)l gauge bosons with the SU(2)r gauge bosons and is assumed to be 
spontaneously broken by the vacuum. The usual left-right symmetric model 
is not the only possible model which allows parity to be a symmetry of the 
Lagrangian. For example, the quark-lepton symmetry model has gauge group 
SU(3) q ® SU(3)i £g> SU(2)l <g> U(l) and has a discrete symmetry which inter- 
changes quarks and leptons [2] . This discrete symmetry can also be interpreted 
as parity (which is assumed to be spontaneously broken by the vacuum) and 
is thus another realization of a gauge model with left-right symmetry sponta- 
neously broken [3]. 

The purpose of this letter is to point out that there is another type of model 
with left-right symmetry which is spontaneously broken. The idea is to build 
a model in which parity interchanges the gluons with the weak gauge bosons 
(Wi's) (rather than W L s interchanging with W' R s as is the case in the usual 
left-right symmetric model). In-order for parity to interchange gluons with Wl's 
we need to enlarge the standard model gauge symmetry to: 

SU(3) C ®SU(3) L ® [/(IV (1) 

We then need to construct the fermions so that they are symmetric when the 
two 5*/7(3)'s are interchanged. The model must also reduce to the standard 
model at some scale if it is to describe the real world. This can be achieved 
with the following fermion representations, (under the gauge symmetry eq.(l)): 

/£- (1,3,-1/3), f a L ~ (1,3,-1/3), F£~ (1,3,2/3), 
dfc~ (3, 1,-1/3), d' a R -(3,1,-1/3), u£~ (3,1,2/3), (2) 
Ql~ (3,3,0), 

where a = 1, 2, 3, is the generation index [4]. It is straightforward to check that 
with the above choice of gauge quantum numbers, all of the gauge anomalies 
cancel per generation. We now introduce the discrete parity operation which 
we define below: 

x ^ x ^ in ^ 
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Jl <-» Jad R , f' L <-> 70^, Uij <-> 7o-Fl, Ql <-> Jo(Ql) c , (3) 

where G" M , Wj^, B^ are the gauge bosons of SU(3) C , SU{3) L and 
respectively. It is straightforward to check that the gauge covariant kinetic 
terms of the fermions and the gauge bosons are invariant with respect to the 
parity symmetry (eq.(3)) provided that the bare gauge coupling constants of 
SU(3) C and SU(3) L are equal. 

Gauge symmetry breaking to the standard model can be achieved by intro- 
ducing a Higgs field, xi ~ (1, 3, 1/3). The field xi couples to the fermions of 
the model as follows: 

C X1 = \iQLXid' R + \2f' L Xi(F L ) c + H.c, (4) 

where we have suppressed the generation indicics. Provided that xi develops 
the vacuum expectation value (VEV): 

(Xi) = ^0 j , (5) 

then the gauge symmetry breaks down to the Standard model: 

SU(3) c ®SU(3)l®U(1) v , 

I (Xi) (6) 
SU{3) C <8> SU(2) L ® U{l) Y 

where Y = 2y' — Ag / \/3 is the combination of y' and As which is left unbroken 
by (xi) (As = diag(l, 1, — 2)/\/3). From eq.(2) it is easy to see that each genera- 
tion contains 27 Weyl fermions in this model. One can identify 15 of these Weyl 
fermions as the standard quarks and leptons with the correct gauge quantum 
numbers under the SU(3) C ® SU(2)l <8> U(l)y subgroup left unbroken by the 
VEV (xi). In particular, note that Y(= 2y' — A 8 /\/3), is numerically identical 
to the standard model hypercharge assignments. In addition to these standard 
15 Weyl fermions, there are 12 exotic fermion fields per generation. Under the 
SU(3) C ® SU(2)l ® U(l)y subgroup, these 12 exotic fermions have the follow- 
ing gauge quantum numbers: d' L R ~ (3,1,-2/3), X' L R = (Vl,r, £^l,k) T ~ 
(1, 2, —1), vr, v R ~ (1, 1, 0). We identify an exotic SU{2)l singlet charged -1/3 
quark, and a leptonic (i.e. color singlet) vector-like SU(2)l doublet of leptons, 
together with two singlet Weyl neutrinos. Observe that the exotic charged —1/3 
quarks gain masses and the exotic lepton doublet gain masses from the Yukawa 
Lagrangian terms in eq.(4) when xi develops the VEV (xi) (eq.(5)). In or- 
der to fascillitate understanding we can write the SU(3)l degree's of freedom 
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S'l = e l , = 




(7) 



In order to preserve the parity symmetry in the Yukawa sector, we need to 
introduce a scalar mulitplet \2 in addition to xi- The scalar \2 has the "mirror" 
gauge quantum numbers i.e. \i ~ (3,1,1/3) and couples to the fermions as 

follows: 

C X2 = \i(QL) c X2.f L + Md' R X2{u R ) c + H.c. (8) 
Note that under parity, C Xl <-» £ X2 , and the total Lagrangian remains invariant. 
Also note that we must require \2 to have zero VEV if we want to keep SU(3) C 
unbroken. 

Ordinary electroweak symmetry breaking and fermion mass generation can 
be achieved by introducing two SU(3)l triplets pi, rji: 

£nuPi = \\Q L d RPl + X' 2 Q L d' RPl + X' 3 Q L u Rm + \'J L {F L ) c Pl + X'J' L {F L ) c Pl 

+Xshm{hY + x' 7 f Lm (f L r + +x'J L m(f L y + h.c. 

(9) 

where the generation indices have been suppressed and P \ ~ (1,3, 1/3), 771 <~ 
(1,3,-2/3). Note that we require that P \,r\\ develop the VEVs: 

(pi) = ^ j , (7,0 = j . (10a, 6) 

These VEVs also give masses to the usual W, Z bosons, and the standard 
model intermediate gauge symmetry is broken in the usual way to SU(3) C <g> 
U(1)q: 

SU(3) c ®SU(3) L ®U(l) y , 
I (Xi) 

SU(3) C ®SU(2) L ®U(1) Y (11) 
SU(3) C ®U(1) Q 

where Q = I3 + Y/2, and is of course just the usual electric charge operator. 

In order to maintain the discrete symmetry, the mirror partners f> 2 ,V2 also 
need to be introduced and as in the case of X2, they must gain zero VEV. It 
is easy to deduce their coupling to fermions, which is of course dictated by the 
requirement that the discrete symmetry be a symmetry of the Lagrangian: 



= x x {Q L yf LP2 + x 2 {Q L yr LP2 + x 3 (Q L yF LV2 + A 4 d K (^) c P2 
+x^d' R {u R y P2 + x^d R i l2 {d R y + x\d R r l2 {d l R y+ 1 ' 
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The existence of the discrete symmetry means that the bare SU(3) C and 
SU(3)l coupling constants must be equal to each other. This unfortunately 
tends to imply that SU(3)l symmetry breaking must occur at a very high 
energy scale (near 10 15 GeV). This means that with the simplest symmetry 
breaking scenario given here, it won't be possible to detect any of the new 
gauge bosons predicted by the model. However, it may be possible to detect the 
exotic fcrmions or the effects of the mixing. The exotic charged —1/3 quarks can 
mix with the ordinary d quark, which will imply a small loss of GIM cancellation 
(since the exotic d! quark has non-canonical SU(2)l ® U(l)y gauge quantum 
numbers). The phenomenology of this has already been studied in the liturature 
[5]. 

The model can also incorporate neutrino masses. This may be important 
in the light of the solar neutrino problem [6]. One interesting point is that 
if A 6 » A 7 (in eq.(9)), then two neutrino masses are nearly degenerate (in 
the limit that A 7 = 0, two of the ordinary weakly interacting neutrinos gain 
degerate Dirac masses while one remains massless [7]. In the MSW solution of 
the solar neutrino problem, the neutrino mass difference needs to be very small 
(~ 10~ 4 eV). This can be achieved naturally if either one neutrino is much 
heavier than the other or they are nearly degenerate. The latter case is perhaps 
phenomenologically more interesting because it means that the neutrino masses 
can be a lot larger than their mass difference and thus it may be possible to 
detect the neutrino masses directly in the Laboratory. 

Finally note that the model has electric charge quantization classically [8]. 
By this, I mean that the classical structure of the Lagrangian such as the gauge 
invariance of the Yukawa Lagrangians (eq.(4) and eq.(9)), and the discrete parity 
symmetry imply that the U(l) y i charges of the fermions and the scalars are 
uniquely fixed (upto an overall normalization factor, which can be absorbed 
into the definition of the coupling constant). This fact then implies that the 
electric charges are also uniquely determined (up to an overall normalization 
factor), and thus every electric charge ratio is fixed in this theory. 

In conclusion, we have proposed a simple gauge model which is defined by a 
Lagrangian with a novel realization of parity symmetry The parity operation 
interchanges the gluons of QCD with the weak gauge bosons of an extended 
SU(3)l weak interaction. We have pointed out that the gauge model reduces 
successfully to the standard model at low energies. The principle phenomeno- 
logical feature of the model is the prediction of new fermions. In particular 
exotic SU(2)l singlet charged -1/3 quarks and exotic leptons together with two 
right-handed neutrinos per generation are predicted. Neutrinos are expected to 
be massive in the model, and the model may be relevant to the MSW solution 
of the solar neutrino problem. 
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